Abstract. Hypertension affects one billion people worldwide and is an independent risk factor for death after acute coronary syndrome (ACS). The aim of this study was to examine the prevalence and medical treatment of hypertension among 1,301 ACS patients enrolled into the Chinese registry of acute coronary events (CRACE) trial. Analyses were performed by gender, with both genders combined and according to international practice. Multivariable models identified factors associated with use of different classes of antihypertensive medication, and examined the correlation between hypertension and gender with mortality. The use of angiotensin-converting enzyme inhibitors (ACEI), β-blockers, calcium channel blockers (CCBs) and diuretics increased in both genders during management of presenting ACS. Hypertensive men were more likely to have been receiving β-blockers when they were discharged (77.2%) than women (69.2%). Hypertensive women were more likely to have received diuretics when they were discharged (28.4%) than men (22%). ACEI use increased by ~60% (absolute increase) in both women and men as a result of ACS treatment, but remained similar between the genders, and the same phenomenon was observed in the use of CCBs. Moreover, hypertensive women were less likely to receive evidence-based medication to treat their acute coronary event than men (for women and men, respectively: β-blocker, 69.2 vs. 77.2%; ACEI, 85.8 vs. 87.5%). Hypertension is more prevalent in women than in men with ACS, and its medical management varies with gender, but it has a similar association with mortality in both genders. Opportunities exist to improve medical therapy and outcomes for women with hypertension.
Introduction
According to the World Health Organization, hypertension affects one billion people worldwide and is a major risk factor for inducing all forms of cardiovascular disease, exerting a similar effect in both women and men (1, 2) . Hypertension is a risk factor for death and ischemic events after the occurrence of acute coronary syndrome (ACS) (3) (4) (5) (6) . Cardiovascular disease is the most frequent cause of mortality in both genders; however, in the past 20 years, cardiovascular mortality has decreased in men but increased in women (7, 8) . Demographic statistics reveal that hypertension is more common in men than women at a younger age, but in the 45-54 year age group, it is more prevalent in women. Hypertension is estimated to affect over a quarter of all women in the USA and this increases markedly with age; only ~3-4% of women <35 years have hypertension, but 75% of women >75 years are affected (9) . Despite this, 19% of women with hypertension do not recognize that is a risk factor for cardiovascular disease, and as many as 75% may not be adequately treated (10, 11) . In addition to being a risk factor for epicardial coronary disease, hypertension leads to microcirculatory dysfunction, which disproportionately affects women, with signifi cant morbidity (12) (13) (14) (15) (16) . At each hospital, a trained coordinator collected data on the following, using a standard case report form: patient demographic and clinical characteristics, medical history, duration of pre-hospital delay, symptoms, electrocardiographic findings, use of cardiac medications and interventional procedures, and hospital-associated outcomes. A standardized set of definitions for patient-related variables and clinical diagnosis were used.
Materials and methods

Patient selection. A total of 12 tertiary hospitals across
Inclusion and exclusion criteria. Patients needed to be at least 18 years old, alive at the time of presentation, hospitalized with a presumed diagnosis of ACS and have at least one of the Prevalence and management of hypertension in patients with acute coronary syndrome vary with gender: Observations from the Chinese registry of acute coronary events (CRACE)
following: electrocardiographic changes consistent with ACS, elevated serum biochemical markers for cardiac necrosis or documented evidence of coronary artery disease (CAD). To qualify, the ACS must not have been precipitated or accompanied by a significant comorbidity such as trauma or surgery.
Where informed consent could not be obtained, patients were excluded from the study (5) .
Quality control. The 12 triple class hospitals involved in this study are teaching hospitals affiliated with medical universities in different regions of China. To eliminate patient selection bias, each hospital enrolled the first 5 ACS patients to be hospitalized each month. Completed case report forms were faxed to the data management organization, where they were reviewed for completeness and clinical validity. Resulting queries were referred back to the originating site before the forms were processed. The data were scanned into an electronic database and checked manually prior to statistical analysis. 
Results
Patient population. In the CRACE trial the prevalence of hypertension was 66.4% among female patients with ACS and 56.8% among male patients. Fig. 1 shows the prevalence of hypertension of different age groups. Unlike observations in unselected populations, among the ACS patients in this study, the prevalence of hypertension was greater among women than among men for each decile of age. As shown in Fig. 2 , the age distribution among hypertensive women was skewed toward older ages, but age was found to be more regularly distributed among hypertensive men. Overall, for both genders, patients with hypertension were older and more often had diabetes, hypercholesterolemia, prior incidence of myocardial infarction (MI), prior incidence of stroke, and history of congestive heart failure. Additionally, female patients were more likely to present with MI rather than unstable angina pectoris (UAP) compared to female patients without hypertension (Table I) .
When comparing men and women with hypertension, the women were older, had lower estimated creatinine clearance, Table I . Baseline characteristics of patients with and without hypertension.
Hypertension
No hypertension and were more likely to have diabetes, hypercholesterolemia and prior congestive heart failure ( Table I) . They tended to smoke less and were less likely to have had a prior incidence of MI or to present with MI as their index event. Median SBP at presentation was higher (1 mmHg) among women with hypertension than men, despite the use of significantly more antihypertensive medications (Table I) . Table II , more female ACS patients with hypertension were well controlled than male patients. The use of diuretics and β-blockers was found to be higher in hypertensive women, yet no difference was found with regards to the use of angiotensin-converting enzyme inhibitors (ACEI) and calcium channel blockers (CCBs) between the two groups. The use of all medications including ACEI, β-blockers, CCBs and diuretics increased in both genders during management of the presenting ACS, but, when discharged, hypertensive men (77.2%) were more likely to have been receiving β-blockers than women (69.2%). Although at discharge, the rate of diuretic use increased by ~20% in both genders, hypertensive women were more likely to have been receiving diuretics (28.4%) compared to men (22%). ACEI use increased by ~60% (absolute increase) in both women and men as a result of ACS treatment, but use remained similar between the genders, and the same phenomenon was observed in the use of CCBs.
Antihypertensive medication use. As shown in
Outcomes among hypertensive women and men. Men with hypertension were more likely to receive reperfusion therapies during hospitalization than hypertensive women (Table III) . Although no difference was found regarding the in-hospital death rate between genders, female patients experienced more in-hospital composite endpoints, including recurrent angina and congestive heart failure. Despite their higher rate of adverse clinical outcomes, hypertensive women were less likely to receive evidence-based medication to treat their acute coronary event than men (for women and men, respectively: β-blocker, 69.2 vs. 77.2%; ACEI, 85.8 vs. 87.5%).
Discussion
Among patients with ACS in the CRACE trial, >50% had hypertension, and it was found to be more prevalent among women. The association of hypertension with adverse clinical outcomes in these patients was similar in both genders. Among the studied patients with hypertension, ~40% had failed to maintain their blood pressure at a safe level at the beginning of the study.
As expected, the overall prevalence of hypertension among ACS patients was higher than that which had been reported in the general population. Contrary to observations made regarding the general population, in which the prevalence of hypertension is greater among men than among women at younger ages and the opposite is observed at older ages, we found that the prevalence of hypertension among ACS patients was greater in women than in men in every decile of age. We cannot find a reasonable explanation for this finding, but we suspect that an overall greater burden of risk factors is required to overcome the protective effect of the premenopausal state on the development of CAD among younger women. Alternatively, this may reflect a correlation with other medication use (such as oral contraceptives) that influences both the incidence of hypertension and the occurrence of ischemic events in women compared with men (17) .
In our study, hypertensive women were treated with more antihypertensive agents than men, and the median SBP at presentation in women was 1 mmHg higher. The effect of antihypertensive agents on lowering blood pressure has yet to be well studied in each gender, but previous studies have indicated that differences in salt sensitivity, hormonal variation and vascular reactivity may affect hypertension in women (18) (19) (20) (21) .
We observed that only 61% of women and 64% of men with prevalent hypertension at presentation with ACS were well controlled. Observations made from the NHANES III study may reflect this finding in the general population in that NHANES III demonstrated that only 70% of hypertensive partic ipants were aware of their diagnosis and that 31% of participants had controlled hypertension (22) . Even with close monitoring in the setting of a large-scale randomized trial of hypertension treatment, the 5-year follow-up data from ALLHAT revealed that only 66% of participants achieved target levels of hypertension control (23) . In conclusion, these figures emphasize the need for more active management, particularly among high-risk ACS patients, and suggest that factors other than blood pressure are important in preventing the clinical consequences of hypertension. These additional factors may be associated with the pleiotropic effects of many contemporary antihypertensive medications.
Although the ALLHAT results suggest that diuretics may be more beneficial to prevent primary coronary heart disease than an ACEI, at the time of the SYMPHONY studies, the American Heart Association prevention guidelines for women with hypertension recommended the use of β-blockers and ACEI for risk factor modification (24) (25) (26) . Furthermore, the use of diuretics at discharge after presentation with ACS remained greater in women than in men, with β-blockers prescribed less often in women. Although we adjusted for comorbid conditions (diabetes, heart failure, and prior MI or bypass surgery) that may have influenced the decision to use a given antihypertensive agent, we could not account for possible unmeasured factors leading to this association. For example, we noted that among the studied patients, women had no epicardial CAD more often than men and more frequently had preserved left ventricular function. This may be related to gender differences in microcircu latory dysfunction associated with hypertension and other comorbid diseases, resulting in a higher incidence of women presenting with ACS despite having no epicardial CAD (27) (28) (29) (30) , and it may account for gender-related differences with regard to medication given upon discharge.
Despite the higher prevalence of hypertension in women than men with ACS in our study, cardiovascular outcomes were similar after adjusting for age and comorbidities. Furthermore, similar results were found in the overall population of the SYMPHONY trials: the association of hyper tension with adverse clinical outcomes was similar in the two genders.
Thus, hypertensive female patients are a vital target population for active evidence-based primary and secondary risk factor modification. A study of the correlation between gender, hypertension and outcomes in the NHANES III revealed that preventable population-attributed risk of coronary heart disease events was higher in women than men. From this observation, it was estimated that optimal control of blood pressure could prevent more than one-third of coronary heart disease events in men and more than half of the events in women. We observed that hypertensive women were less likely to receive evidence-based medications for ACS during hospitalization than hyper tensive men. This finding suggests a need for continued education on the high risk of adverse outcomes in hypertensive women presenting with ACS and the importance of using therapies shown to attenuate that risk, such as β-blockers and ACEI (1) .
This study observed the differences in managing hypertension between male and female ACS patients. As is inherent in such analyses, selection bias may exist, and detailed data about the duration and control of hypertension prior to admission were not collected. Therefore, our observa tions, including age and prevalence distributions, may not represent the entire population of ACS patients, nor are they intended to reflect an unselected popula tion with hypertension. Results should be interpreted with caution due to the fact that examinations of gender and hypertension were not specified as a priori hypotheses in the clinical trial design.
In conclusion, this study revealed gender-related differences in the prevalence and treatment of hypertension among patients with ACS. It demonstrated the relation ship between gender, hypertension and outcomes in this population and highlighted the greater preva lence of hypertension between women and men with ACS and suggests more active treatment is required for women with hypertension.
